Two polymorphisms at intron 1 of the glutathione peroxidase 5 (GPX-5) gene, namely A>G substitution (1B and 2B alleles) and deletion/insertion (1C and 2C alleles), were studied in a group of 140 AI boars. Alleles 2B and 1C were the most frequent ones -0.72 and 0.93, respectively. Only two genotypes for each polymorphic site could be analysed with regard to three characteristics of semen: volume, sperm concentration and total sperm number in the ejaculate. Altogether, data on 13172 ejaculates were used in this study. It was found that 1B2B genotype was related to higher sperm concentration, while other traits demonstrated variable relationships with the genotypes, depending on the analysed breed. It may suggest that the GPX-5 gene is linked to an unknown QTL controlling sperm production. 
Introduction
The family of glutathione peroxidase (GPX) enzymes is involved in the deactivation of oxidative factors. The GPX-5 gene is expressed specifically in the epididymis (SCHWAAB et al., 1998) and the encoded protein binds to a cell membrane covering the acrosome of a sperm. It is anticipated that it inhibits premature acrosome reaction (HALL et al., 1998) . Thus, polymorphism of this gene may have a major effect on reproductive performance. It is known that the GPX-5 gene is localized within the swine major histocompability complex (SLA) which is assigned to chromosome 7 (BERTANI et al., 1999) . The structure of the porcine GPX-5 gene is only partly described, but two polymorphic sites have been identified so far: (a) substitution A→G, recognized by b the HinfI restriction enzyme and (b) deletion/insertion of 522 bp (BERTANI et al. 1999) . The aim of the present study was to evaluate the effects of two polymorphisms of the GPX-5 gene on the characteristics of semen produced by AI boars.
Material and methods Studies were performed on 140 boars (Polish Landrace -45, Polish Large White -27, Pietrain -12, Hampshire -4, Duroc -2, Duroc x Pietrain -24, Hampshire x Pietrain -21, Duroc x Belgian Landrace -3, Duroc x Hampshire -2) from an AI station in Poznan. Detailed information on 13172 ejaculates (volume -ml, and sperm concentration -the number of sperms in 1 ml of ejaculate) was used in this study. Two polymorphic sites in the GPX-5 gene were analysed, following the publication by BERTANI et al. (1999) (GenBank #AF124818): a) deletion/ insertion. Two fragments: 630bp and 110bp were amplified with the use of the following primers: forward 5'-TAG ACA CGT CAC TTC ACC TCC-3' and reverse 5'-GGG AGT AAG CAT TTT CTC TGT G-3'. b) substitution A→G. One 530bp fragment was amplified with the use of the following primers: forward 5'-TTC ATG TAG AAC TTA TTT CTG-3' and reverse 5'-TGA CTT ACC CAT TCT TCA G-3'. The amplified fragment was digested with the HinfI restriction enzyme (Fermentas). To evaluate the effect of the two polymorphisms on semen characteristics the following linear model was applied:
where: y ijklm -the characteristic under consideration of m-th ejaculate of k-th boar, µ -mean, r i -effect of the i-th breed, g j -effect of the j-th genotype at GPX-5, a ijk -effect of the k-th boar (of breed i and genotype j), s l -effect of the l-th season, b -regression coefficient, t ijklm -covariate for age at ejaculation (measured in days), e ijklm -error. The F-test was applied to estimate significance of the effects included in the model. Particular differences of means within groups were analyzed with the Fisher test of least significant differences (LSD).
Results
An analysis of homology between the porcine fragment of the GPX-5, described by BERTANI et al. (1999, GenBank #AF124818) and the human sequence (GenBank #NM 003996) revealed that the two detected polymorphic sites are present in intron 1 of this gene. Genotypes at two polymorphic sites: (a) substitution A→G -alleles 1B and 2B, and (b) deletion/insertion -alleles 1C and 2C were established for all the 140 boars ( Figs. 1 and 2 ). The frequencies of the genotypes and genes are shown in Table  1 . At the first polymorphic site the frequency of allele 2B was predominant in all the studied groups of boars and the average frequency reached 0.72. At the second polymorphic site monomorphism (1C1C) occurred in two breeds (Polish Large White and Pietrain) and two crossbred groups (Duroc x Belgian Landrace and Hampshire x Pietrain). In the other breeds the 1C1C genotype also appeared to be the most frequent. Thus, overall frequency of 1C allele was very high (0.93). Low frequencies of two homozygous genotypes (1B1B and 2C2C) made it impossible to compare all the three genotypes at both sites in relation to characteristics of ejaculates. Therefore, only two genotypes for both sites were considered. Moreover, in the analysis only breeds or crossbred groups with a sufficient number of animals (at least five), representing both genotypes, were taken into consideration. In case of the HinfI polymorphism a quite clear relationship between the genotype and the analyzed traits was observed. The mean volume of ejaculates in case of the 2B2B genotype (298 ml) was significantly higher than for the 1B2B one (280 ml); however, this was not observed in case of the Duroc x Pietrain boars. With regard to the second trait -sperm concentration -the mean value was higher for the 1B2B genotype (445 x 10 6 ) than for the 2B2B genotype (411 x 10 6 ). This relationship was observed in all the studied groups of boars, with the exception of the Duroc x Pietrain crossbreds. Since the observed relationships were contradictory (a higher volume but lower sperm concentration for the 2B2B genotype, and vice versa for the 2B1B one), the mean number of sperms in the ejaculate was estimated (volume x sperm concentration). This characteristic appeared to be higher for the 1B2B boars (119 x 10 9 ). However, this relation was not persistent in all the analyzed groups. In the Polish Large White and Duroc x Pietrain this genotype was superior, but it was not in case of the Polish Landrace and Hampshire x Pietrain crossbreds. The effect of the deletion/insertion polymorphism was studied, due to an insufficient number of boars with the 1C2C genotype, only in two groups of boars: Polish Landrace and Duroc x Pietrain crossbreds (Table 3 ). It was found that the mean volume of the ejaculate was higher for the 1C2C genotype (280 x 10 9 ). This relationship was observed in both analyzed groups. On the other hand, the variability of the mean sperm concentration was not concordant in both groups -higher for boars with the 1C1C genotype of the Polish Landrace, but lower in case of the Duroc x Pietrain crossbreds. The mean number of sperms in the ejaculate was slightly higher for boars with the 1C2C genotype. (60) 98 (23) 6 (644) 264* (60) 458 (60) 116 (18) In addition, the effect of the intragene haplotype was also evaluated. Due to low numbers of boars only two comparisons were performed: (a) 1C1C-1B2B versus 1C1C-2B2B, and (b) 1C1C-1B2B versus 1C2C-1B2B (Table 4 ). The first comparison facilitated the estimation of the effect of two genotypes 1B2B and 2B2B, since at the other site the same genotype was present -1C2C. It was found that 1C1C-2B2B was related with a slightly higher mean volume of the ejaculate, with the exception of the Duroc x Pietrain crossbreds, and sperm concentration was higher for the 1B2B genotype, but the mean number of sperms was rather similar for both groups. These results confirmed the observations when a single polymorphic site (1B2B) was considered ( Table 2 ). The second comparison was performed to estimate the effect of the 1C1C and 1C2C genotypes, accompanied by the 1B2B genotype. In this comparison only one group (Polish Landrace) could be included. The results obtained for the 1B2B-1C2C boars (a higher mean volume, a lower sperm concentration and a higher number of sperms in the ejaculate) confirmed the observed differences of the effect of a single polymorphic site (Table 3) .
Discussion
The importance of the GPX5 gene polymorphism in the context of boar fertility, due to a possible role which is played by this gene in the sperm-egg interaction, was suggested by BERTANI et al. (1999) . The authors pointed out that allele 2C was predominant (q=0.57) in the Hampshire breed in which boars with low fertility are identified quite frequently. In spite of a very low frequency of this allele we also found it in the genotypes of three Hampshire boars (one with genotype 2C2C and two heterozygotes -1C2C) out of the four studied animals, but none of the twenty one Hampshire x Pietrain crossbred boars carried it. BERTANI et al. (1999) also reported a quite frequent (q=0.29) occurrence of this allele in the Landrace breed. In our study this frequency was much lower (q=0.06). With regard to the B site the observed distribution of two alleles (1B -0.24 and 2B -0.76) was similar to those described by KMIEĆ et al. (2002) who analysed a group of Hampshire x Pietrain crossbred boars. Until now there are very few data on the identification of chromosome regions carrying potential QTLs for sperm production. It was only reported that a gene (or genes) regulating testicular development and pubertal gonadotropin -FSH and LHconcentrations may reside on chromosome X (FORD et al., 2001) . The authors performed investigations on Chinese Meishan x White composite crossbred boars and showed that the boars that inherited X-linked alleles from the Meishan breed had smaller testes and a reduced daily sperm production. In an earlier study of this team, it was also suggested that a QTL affecting the concentration of serum FSH may also occur on other chromosomes, including chromosome 7 (ROHRER et al., 2000) . Unfortunately, its detailed localization in relation to the GPX5 gene, which is also localized on this chromosome, is not known. A lack of a strong relationship between the GPX5 gene polymorphism and sperm production is not surprising since the anticipated effect of the encoded protein concerns rather the fertilizability of sperms, rather than the production efficiency of testes. On the other hand, the observed significant effect of the 1B2B genotype on a higher sperm concentration suggests that the 1B allele is superior for semen production. This is in agreement with the data published by KMIEĆ et al. (2002) who compared all the three possible genotypes in a group of 34 Hampshire x Pietrain boars and observed a significantly higher concentration for the 1B2B genotype than for the two other homozygotes. These results may suggest that the GPX5 gene can be considered as a marker which is linked with an unknown QTL controlling the production of semen and due to the linkage phase variable effects of the GPX5 genotypes are observed.
